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The present invention relates to a transformant selection 
system, particularly for a strain of fungus, more particularly 
Penicillium r.hrysoaenum. 

Furthermore, this invention relates to a transformant 
selection marker, viz. the acetyl-CoA synthetase (facA) gene, 
isolated from Penicillium chrysogenum. 

The filamentous fungus Penicillium chrysogenum is the most 
applied producer of the 0-lactam compounds penicillin G and 
penicillin V. Penicillins G/V are used as antibiotics themselves 
or they are chemically converted into semi-synthetic ^-lactams. 
p. chrvsoaenum has a long record of industrial application. 
« since the second world war it has been the microorganism of 
choice for large scale production of penicillins all over the 
world. Over the years significant improvements have been made 
in the yield of the penicillin production process, both by 
strain improvement and by process development. Strain improve- 
ment has been pursued by the application of random mutagenesis 
by chemical and physical mears as well as by targeted mutagen- 
esis of key enzymes in metabolic pathways connected to penicil- 
lin biosynthesis, followed by extensive selections for strains 
with increased penicillin titers. For reviews see for example 
25 Hersbach, G.J.M., Van der Beek, CP. and Van Dijck, P.W.M., "The 
Penicillins: Properties, Biosynthesis and Fermentation" in 
Biotechnology of Industrial Antibiotics, E. van Damme (ed) , 
Marcel Dekker (NY), 1984 and Rowlands, R.T., Enzyme Microb. 
Technol. 6, 1984, 3-10 and 290-300. 
30 A novel approach to strain improvement has become possible 

with the development of recombinant DNA technology. Prerequi- 
sites for the application of recombinant DNA techniques to any 
organism or cell-line, ar the availability of a gene transfer 
and a selection or detection system, which permits the identi- 
fication of the usually small number of recombinant DNA contain- 
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ing transformed cells, in a vast majority' of non-transformed 
cells. The development of efficient gene transfer and selection 
systems for 0-lactam producing industrial strains, particularly 
for p. chrvsoaenum is very difficult for two major reasons. 

5 First of all, it is a common observation that /?-lactam producing 
industrial strains are by far more difficult to transform than 
wild type or laboratory strains (Ingolia & Queener, Med. Res. 
Rev. 9, 1989, 245-264). The feature of impaired transformation 
of industrial strains might be related to the extensive 

10 mutagenesis of these strains. For example, mutations affecting 
the composition and/or assembly of the cell membrane or the cell 
wall are likely to accumulate in industrial strains leading to 
changes in morphology in the course of a strain improvement 
program. (Lein, in: Overproduction of Microbial Metabolites, 

15 Vanek and Hostdlek (eds) , 1986, Butterworth Publishers, 105- 
139) . These morphological changes might for instance affect the 
generation of protoplasts from mycelium, the stability of 
protoplasts, their capacity for uptake of DNA, the regeneration 
of protoplasts into mycelium etc. Secondly, it is an additional 

20 requirement that the gene transfer and selection procedure 
should not affect the level of penicillin production. 

The difficulties encountered in the development of trans- 
f ormant selection systems are also related to the limited knowl- 
edge of the genetic system of P. chrysocrenum . which is difficult 

25 to study (e.g. because of the multinucleate nature of the fila- 
mentous mycelium and the absence of a sexual cycle, which only 
permits parasexual analysis (Pontecorvo et al. , Adv. Genet. 5, 
1953, 141-238)) , the physical barriers which hinder the uptake 
of exogenous DNA (Peberdy, in: Biochemistry of Cell Walls and 

30 Membranes in Fungi; Kuhn, P.J., Trinci, A.P.J. , Jung, M.J., 
Gossey, M.W., Copping, L.G. (eds) Springer-Verlag, Berlin 1989, 
5-30) and the lack of DNA elements which allow for stable extra- 
chromosomal replication of the transforming DNA, which conse- 
quently results in very low transformation fr qu ncies because 

35 the transforming DNA has to integrate into the genome of the 
host. 
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At this moment several systems for the s lection of trans- 
formants have been described for P. chrysogenum. However, al- 
though the development of these selection systems has been 
useful in itself from a scientific point of view, the selection 
■a.*/ v- m- '"' omrotn' 1 : nr~ *>arh from one or several of the 

following drawbacks which hinder their application to /J-lactam 
producing industrial strains, particularly of P. chrysogenum . 

Firstly, in some selection systems the phenotype selected 
for is conferred to nhrvsoaenum by heterologous DNA (EP-A- 
10 240250; EP-A-215539; EP-A-225078; Cantoral et al. , Bio/tech- 
nology 5, 1987, 494-497; Beri and Turner, Curr. Genet. 11, 1987, 
639-641; Kolar et al., Gene 62, 1988, 127-134; Stahl et al., 
App. Microbiol. Biotechnol. 26, 1987, 237-241; Picknett and 
Saunders, FEMS Microbiol. Lett. 60, 1989, 165-168; Whitehead et 
15 al., Mol. Gen. Genet. 216, 1989, 408-411). As a consequence of 
the public concern on recombinant DNA technology in general, the 
use of a transformant selection system for a ^-lactam producing 
strain based upon a selection marker which consists of homo- 
logous DNA rather than heterologous DNA is preferred. Further- 
zo more, from a practical point of view, transformation frequencies 
are usually higher when using homologous rather than hetero- 
logous selection markers. 

Secondly, some selection systems depend on the generation 
of auxotrophic mutants of p. chrvsoaenum (EP-A-235951; EP-A- 
25 260762; Picknett et al. , Curr. Genet. 12, 1987, 449-445; Diez 
et al., Curr. Genet. 12, 1987, 277-282). Generally spoken, the 
isolation of specific auxotrophic mutants requires extensive 
identification of mutant strains and is therefore rather time- 
consuming. This is a serious disadvantage when different hosts 
so are used (e.g. in industrial strain improvement programs) . In 
addition, and even more importantly, the introduction of auxo- 
trophic mutations in industrial strains of P. chrysogenum often 
results in an unacceptable reduction of biosynthesis of penicil- 
lin. This phenomenon may be a cons quenc of the mutagenic 
35 treatment, necessary to introduce the reguir d auxotrophic 
mutations in the strain of interest or may b r lated to par- 
ticular auxotrophic defects per se (see for example «0 Sullivan 
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and Pirt, J, Gen, Microbiol. 76, 1973, 65-75 and Stahl et al. , 
ibid) . 

In p. chrysoaenum breeding programs, aimed at the develop- 
ment of strains with increased penicillin production levels, the 
5 introduction of genetic markers, which require mutagenesis is 

tion of Microbial Metabolites, Vanek, Z., Host&lek, Z. (eds) , 
Butterworths, Boston, 1987, 105-140). 

In conclusion, homologous selection systems which do not 

io require mutagenesis of the host, like dominant selection systems 
or selection systems employing hosts which can be obtained by 
positive selection for a spontaneous mutation, are highly pre- 
ferred. An example of the first category is the semi-dominant, 
homologous oliC selection system (EP-A-311272) . However, a 

15 serious disadvantage of the oliC selection system is the very 
low frequency of transformation which limits the application of 
this selection system. An example of the second category is the 
niaD selection system which employs niaD mutants of Penicillium 
chrysoaenum . obtained by positive selection for resistance to 

20 chlorate (Whitehead et al. , ibid., AT patent application 
8900266) . Since resistance to chlorate can be obtained by spon- 
taneous mutations at many different loci extra growth tests are 
necessary to identify the niaD mutants which form a drawback of 
this system. Another disadvantage of the niaD selection system 

25 is the observation that a large proportion of the P. chrysoaenum 
transformants are genetically unstable (abortives) , see Gouka 
et al., J. Biotechn. 20, 1991, 189-200. 

Thirdly, for the application of recombinant DNA techniques 
in an industrial strain improvement program of 0-lactam produc- 

30 ing strains it is very important that a strain which has been 
transformed once can easily be transformed for a second time. 
Successive transformations have not shown to be possible in an 
efficient manner using the current selection systems. This 
feature is relevant as well for scientific studi s on regulation 

35 of gene expression in P. chrysoaenum and other filamentous 
fungi. 
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In summary, a convenient and reusable transformant sel c- 
tion system for £. nhrvsooenum based on the use of a homologous 
selection marker, suitable for application to industrial strains 
of a /J-lactam producing micro-organism, particularly of 

5 p, r.hrysoaenum is not available. 

I. ■ipefeaa iar f»hffi ^iPrtion ftffl^i particularly 
of a fungus, more particularly of a /J-lactam producing strain 
of fungus, most particularly of P. chrysogenum, has now been 
developed which lacks the drawbacks of current selection sys- 

io terns. This selection system is based upon the complementation 
of fas, preferably facA mutants of 0-lactam producing strains, 
particularly of p. rhrvsoaenum (fac stands for jfluoroasetate 
resistant) by transformation with the P. chrysogenum facA gene, 
encoding acetyl-CoA synthetase. 

is Recently, the facA gene of A. nidulans and the correspon- 

ding acu-5 gene of w. crassa have been isolated and character- 
ized by nucleotide sequence analysis (Sandeman and Hynes, Mol. 
Gen. Genet. 218, 1989, 87-92; Thomas el §1. , Molec. Microbiol. 
2, 1988, 599-606; Connerton gt al. , Molec. Microbiol. 4, 1990, 

zo 451-460). The facA gene of the corn smut pathogen Ustilaqo 
mavdis has also been isolated (Hargreaves and Turner, J. Gen. 
Microbiol. 135, 1989, 2675-2678) . £§c mutants are phenotypically 
characterized by their inability to grow on acetate as a sole 
source of carbon. Therefore, Fac+ transformants should be se- 

25 lectable for their regained capacity for acetate-utilization. 
However, the development of an efficient direct transformant 
selection system based on acetate-utilization appears to be 
difficult for h t "idulans and w. crassa (Ballance and Turner, 
Mol. Gen. Genet. 202, 1986, 271-275; Connerton et §1, ibid) and 

30 u. mavdis (Hargreaves and Turner, ibid) . 

The facA mutation can be selected for in p f chrysogenum 
with no need for mutagenic treatments like UV (ultra-violet) 
irradiation, exposure to chemical mutagens and the like. Sponta- 
neous Ueh mutants, among others, can b isolated surprisingly 

35 efficiently by using a positive s lection for these mutants 
which are resistant to fluoroacetate. Stable facA, mutants with 
very low reversion frequencies are readily obtained. 
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In fs peroillus nidulans and Coprjnus lagopus , mutations at 
three distinct genetic loci, termed facA, facg, face (Apirion, 
Nature 195, 1962, 959-961) and acu-1, 321=11, acuzll (Casselton 
and Casselton, Mol. Gen. Genet. 132, 1974, 255-264) respective- 

5 ly, have been identified, each of them resulting in a fluoro- 
aueLate wirtwfc; aaatitn nnn-nf il ir.ing Retype. In addition 
to these fac/asa mutants, the same studies on ft. nidulans and 
p. laaopus describe the isolation of a large number of fluoro- 
acetate resistant but acetate-utilizing mutants, which are 

,o designated fanA, fanB, fanC, fanD and F*nE in A- nidulans 
(Apirion, ibid) . In contrast to this complex set of mutants the 
selection of facA mutants of P. chrysogenum is surprisingly 
efficient. Nearly all of the fluoroacetate resistant mutants of 
p. r.hrvsoaenum are acetate non-utilizers, mutated at the facA 

15 locus. A high proportion of these P. chrysogenum facA mutants 
have unaltered penicillin production characteristics as compared 

to the parent strain. 

in the present invention a method for the efficient, direct 
selection of FacA+ transformants of a ^-lactam producing strain, 

20 particularly of p. rhrvsoaenum on acetate containing medium is 
established by using the facA gene of P. chrysogenum as a homo- 
logous selection marker. 

A homologous selection marker is defined in the present 
patent application as a selection marker derived from the SEgr 

25 cies to which the transformant selection system is applied. 

By the invention also the facA gene particularly isolated 
from Penicillium chrvsogenum has been provided for. The inven- 
tion also includes genes comprising different nucleotide se- 
quences for instance with conservative mutations, where the 

so sequence encodes the same amino acid sequence, but may have as 
many as 15% different bases, or mutations which are non-conser- 
vative, where fewer than about 10%, more usually fewer than 
about 5%, and preferably not more than 1% of the amino acids are 
substituted or deleted, and there are fewer than 5% of inserted 

35 amino acids, where the percent is based on the number of nat- 
urally occurring amino acids. 
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An additional advantage of the facA selection system over 
other selection systems is the rapid sporulation of acetate- 
utilizing colonies on acetate containing selection medium, which 
greatly improves and accelerates the transformant selection 

5 procedure. FacA+ transf ormants are stable because the transform- 

liiy m& Is .iBfcafmdai intn tha gpnniPnn facA transformant 

selection system is suitable for the generation of different 
types of transformants, containing the transforming DNA inte- 
grated at the resident £ssh locus, at unknown genomic sites, in 

io single and/or multiple copies. The generation of single-copy 
FacA + transformants by using circular, double-stranded DNA is 
surprisingly efficient. This feature allows for rapid isolation 
of facA mutants of the FacA+ transformant and a repetition of 
the facA transformant selection procedure. This is another 

15 great advantage of the facA. selection system. 

The facA selection system can be applied to introduce non- 
selectable DNA into a host, preferably p. chrysoqenum - The non- 
selectable DNA can be used to obtain or to enhance the 
production of a ^-lactam compound in a host, preferably P±. 

20 ohrvsoaenum . for example by using non-selectable DNA like 
penicillin, cephalosporin or cephamycine biosynthetic genes 
(Veenstra et al., J. Biotechn. 17, 1991, 81-90, and Cantwell et 
al., Curr. Genet. 17, 1990, 213-221). 

This invention provides a method to select transformants 

a of a microorganism which has been transformed with DNA which 

method comprises: 

isolating a mutant of the microorganism in which acetyl- 
CoA synthetase is inoperable or absent; 

cotransforming said mutant with said DNA and an expression 
so system effective in producing acetyl-CoA synthetase of 
Penicillins nhrysocrenum ? and 

selecting transformants of said microorganism for ability 
to grow on a medium which contains a carbon source which 
requires acetyl-CoA synth tase activity for catabolism. 
35 Furthermore, the invention provides a method for obtaining 

or enhancing the production of a /3-lactam compound in 
transformants of a microorganism by applying th abov -mentioned 
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selection method which method comprises cotrans forming said 
mutant with DNA encoding gen tic information necessary for 
obtaining or enhancing the production of a 0-lactam compound. 
Preferably, the above-mentioned methods are applied 

5 homologously by using Premium chrysogenum transformed with 

+hP p. ehrvsoagnujn facA gene. , 

Finally the invention provides a gene entitled facA. having 
the nucleotide sequence depicted in Sequence listing 1, particu- 
larly isolated from p- r.hrvsoaenum. and a vector and a host 

o comprising the same. Also the £acA. gene wherein one or both of 
the expression signals has been replaced by other expression 
signals, obtained from the same or another organism has been 
provided together with a vector and a host comprising the same. 



15 
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Rr*«>f description of the figures 

Figure 1: Schematic representation of the P. chrysogenum DNA 
contained in lambda EMBL-3 phage facA7. The position 
and the direction of transcription of the £ash gene 
is indicated (arrow). E:EcoPJ, P:PsfcI, S:£§1I. 
Figure 2: Southern blot analysis of PstI digested genomic DNA 
isolated from p. chrvsoaenum FacA + transformants by 
hybridization with (A) the 6.5 kb PstI fragment con- 
taining the facA gene of P- chrvsoaenum and (B) plas- 
mid pPCl-1, for the detection of non-P. chrysogenum 
25 vector sequences in the transformants . The hybridiz ing 

band of approximately 7 kb in panel B is derived from 
hybridization of niaD sequences contained in pPCl-1 
with the corresponding chromosomal niaD sequences. 
The intensity of this hybridization signal has been 
30 used as an internal standard for the amount of DNA 

loaded. The position of DNA size-markers is indicated 
p: pPC2-3; wt: p. chrysoaenum ; 1-14: different FacA+ 
transformants . 



35 Brief description of the se guene listings 
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Sequence listing 1: Nucleotide sequence of the task gene of 
p.Hhrysoaenum and derived sequence of amino 
acids. 

Sequence listing 2: Amino acid sequence of acetyl CoA synthe- 
tase of p rihrysoaenum. 



10 



15 



20 



Transformation of industrial strains of Penicillium 
nhrvsoaenum by recombinant DNA can be achieved using methods 
well-known in the art (Peberdy, Mycol. Res. 93, 1989, 1-20). 
in a preferred embodiment of the invention, mycelium is har- 
vested from a fresh culture and protoplasts are generated from 
the filamentous mycelium by enzymatic treatment, i.e. by Novo- 
zyme 234, in an osmotically stabilized medium. Then, DNA and 
protoplasts are mixed together in a Ca2+ containing solution. 
Usually, several ^g of DNA are added to 10*-10« protoplasts. 
Subsequently, polyethyleneglycol (PEG) is added to the mixture 
to mediate DNA uptake by the protoplasts. Finally, the proto- 
plasts are plated onto an osmotically stabilized selection 
medium. Other techniques for the delivery of DNA into target 
cells have been described, i.e. transformation by electropora- 
tion (Richey et al. , Phytopathology 79, 1989, 844-847), by 
biolistic™ (Du Pont Particle Delivery System) methods (Armaleo 
et al., Curr. Genet. 17, 1990, 97-103) or by liposome delivery 
systems (Felger and Holm, Focus 11, 1989, 21-25). The applica- 
tion of these techniques to filamentous fungi is still in its 
infancy, but in the scope of the invention the application of 
any chemical, physical or biological method for transformation 
of p. chrvsoaenum is envisaged. 

Typical results obtained using the selection system de- 
scribed herein, are: 1) transformation frequencies, in the 
order of 1-100 transforaants per M9 *f DNA, and 2) the observa- 
tion that in all stable transfonnants the recombinant DNA is 
integrated into the genome. These results are typical for tran- 
sformation systems of filamentous fungi (Rambosek and Leach, 
Critical Rev. Biotechn. 6, 1987, 357-393; Timberlake and 
Marshall, Sci nee 244, 1989, 1313-1317; Peb rdy, Mycol. Res. 

93, 1989, 1-20). 
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As concerns the frequency of transformation, the possibil- 
ity exists that the efficiency of the facA transformation pro- 
cedure can be increased further by systematic variation of the 
reaction parameters in the transformation procedure, as has 
been described for example by Picknett for the trpC selection 
uiuluH-l (Pirimntf, BrltHll TtWiFi ^ 82490 f British Library, 
Document Supply Centre, Boston Spa, Wetherby, UK). As concerns 
the nature of the integration event in the transformation pro- 
cess it has been observed that transformation with double- 
stranded circular DNA results in three different types of inte- 
gration of the vector: integration into unknown genomic sites 
("type II" integration) , into the resident facA locus ("type I" 
integration) and by gene-conversion or gene-replacement of the 
mutant allele ("type III" integration) (Rambosek and Leach, 
Critical Rev. Biotechn. 6, 1987, 357-393; Timberlake and Mars- 
hall, Science 244, 1989, 1313-1317). 

Usually, some transformants contain multiple copies of 
the transforming DNA. These multiple copies are scattered 
throughout the genome or they are organised in a tandem array 
at a single locus. Typical multiple copy transformants contain 
both scattered and tandem integration patterns of transformed 
DNA. Sometimes, rearrangements have occurred in the transformed 
DNA. Although transformation by integration of the transforming 
DNA into the genome is the rule, it should be noted that stable 
i transformants might also be obtained by stable extra-chromoso- 
mal maintenance of the transforming DNA. Such a situation of 
stable extra-chromosomal maintenance can be obtained when se- 
quences necessary for autonomous replication (ars) and/or other 
sequences necessary for stable extra-chromosomal replication 
o are part of the transforming DNA. These sequences might be 
added to the transforming DNA by conventional genetic-engineer- 
ing techniques prior to the transformation process, or alterna- 
tively, it can be conceived that ars sequences are selected 
from the genome by in vivo' integration and xcision events 
!5 during the transformation process (Pow 11 and Kistl r, J. of 
Bacteriol. 172, 1990, 3163-3171). It can be envisaged also that 
the transforming DNA is designed to function as an artificial 
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chromosome in PeniciUiujn clm^enum, analogous to yeast arti- 
ficial chromosomes (Burke et Science 236, 1987, 806-812) 
by the addition of centromere and telomere sequences, func- 
tional in P^chQ^enum, to the transforming DNA. Preferably, 
this invention relates to the stable transformation of 

g ah ttf g ^ a ble integration of the transforming DNA 

into the genome of P chrysogepum . 

The transforming DNA, usually referred to as vector, typi- 
cally consists of the following functional elements: 

- an origin of replication functional in E^coU, which is 
necessary for plasmid propagation in E. coli ; 

- a selectable marker functional in E^coli, preferably not 
a /j-lactamase gene, under control of appropriate E^coii ex- 
pression signals, which is necessary for plasmid maintenance 

15 and transformant selection in E. coli ; 

- a selectable marker functional in P. chrysoqenum , prefer- 
ably the JiacA gene of P. chrysoqenum under control of appropri- 
ate P ^soaenum expression signals, which is necessary for 
the selection of transformants in p. chrysoqenum . Expression 

20 signals are defined herein as signals necessary and sufficient 
for efficient initiation and termination of transcription and 
efficient initiation and termination of translation. 
The selection marker is preferably expressed from its own, 
endogenous expression signals, although it is envisaged that 

25 appropiate expression of the marker might also be achieved by 
expression signals of other P. oprysogenum genes, e.g. the 
expression signals of the P- chrysoqenum phosphoglycerate kin- 
ase (E3k) gene (Van Solingen e£ si- , Nucl. Acid Res. 16, 1988, 
11823) or orotidine-5' -phosphate decarboxylase (EXES) gene, 

30 (EP-A-260762) or even by heterologous, non -P. chrysoqenum ex- 
pression signals obtained for instance from the A^Jlidulans 
glyceraldehyde-3-phosphate dehydrogenase (gpdA) gene (Punt et 
ai., Gene 56, 1987, 117-124). 

- Optionally, the vector contains also the phage lambda cos 
35 sequence which is necessary for efficient in vitro packaging of 
the recombinant DNA into phage particles. 
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- In another option, the vector contains also a sequence 
which acts to enhance the efficiency of transformation of 
p. nhrvsoaenum , like the ans-A sequence of ft, nidulans (Ballan- 
ce and Turner, Gene 36, 1985, 321-331; Cantoral et 

5 Bio/technology 5, 1987, 494-497) or the pyrG sequence of 
p T ffhrysoaenum (EP-A-260762) . 

- In yet another option, the vector contains one or more, 
non-selectable DNA sequences of interest. 

Introduction of non-selectable DNA into P. chrvsoqenum, 

io occurs most efficiently when the non-selectable DNA is physi- 
cally linked to a selectable marker. However, this linkage is 
not a prerequisite for transformation of non-selectable DNA. It 
is also possible to introduce non-selectable DNA and a select- 
able marker into p. nhrvsoaenum by using distinct DNA 

15 molecules. Depending on the selection system used and on the 
molar ratio of distinct DNAs used for transformation, co-trans- 
formation frequencies obtained with distinct DNA molecules, 
range from a few % up to approximately 90% (see for example 
Kolar et al., Gene 62, 1988, 127-134). The present invention 

20 relates also to the application of co-transformation strategies 
of Penicillium chrvsopenum with non-selectable DNA. Co- 
transformation, is defined in the present application as 
transformation of the selection marker together with non- 
selectable DNA which is physically linked or not to the 

25 selection marker, in the presence or absence of vector 
sequences. The non-selectable DNA is preferably derived from 
p. nhrvsoaenum but it is envisaged that in the application of 
the invention the non-selectable DNA can be derived from a 
source other than p. chrvsooenum . It should be noted that all 

so sequences necessary for efficient manipulation, stable 
maintenance and replication of the vector in E. coli are not 
required for the selection of transformants of p. chrysogenum. 
Therefore, these sequences can be removed from the transforming 
DNA prior to transformation of p. chrvsoaenum. for instance by 

35 digestion with appropriate restriction enzym s and purification 
by gel-electrophoresis. 
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in a preferred embodiment of the invention th transform- 
ing DNA consists entirely of homologous, P. chrysoqenum 

derived, sequences. 

in another preferred embodiment of the invention the gen- 

5 eration of stable transformants of p. chrysoqenum is achieved 

— fly tfjUftf JiBUlluii »i aa a Hatm nnp-jitni« . 1ng iaflttg£rjal strains 
of E ^assgeimiB . It is another preferred embodiment that 
acetate non-utilizing industrial strains of P t chrysoqenum are 
obtained without mutagenesis, by positive selection for 

10 spontaneously resistance to fluoroacetate. The fluoroacetate 
resistant, acetate non-utilizing strains may be mutated at 
facA facB or fasc loci, analogous to the facA., facB and facC 
loci of Ajidiilans and the acu^, acuzll and acu^l loci of 
c. laooous . In a still preferred embodiment of the invention 

15 the generation of stable transformants of P. chrysoqenum is 
achieved by transformation of acetate non-utilizing industrial 
strains, mutated at the facA locus, with recombinant DNA con- 
taining the p. rhrvsoaenum facA gene as a homologous selection 
marker. 

20 In yet another preferred embodiment of the invention, 

transformants are assayed for complementation of the facA muta- 
tion by direct selection on medium containing acetate, although 
the possibility is recognized that other carbon sources like 
ethanol and the like which require acetyl CoA synthetase activ- 

25 ity for catabolism might be used as well in the selection of 
FacA+ transformants. A preferred embodiment of the invention is 
also the repeated application of the facA selection system to 
industrial strains of p- chrvsoaenum which have already been 
transformed using this selection system. The mutant &£h geno- 

30 type required for following transformation events, can be ob- 
tained by disruption or replacement of the wild type Iag& gene 
in the transf ormant by using the cloned facA gene of p. chrysor 
aenum . but is preferably obtained by positive selection for 
spontaneous resistance to fluoroac tate. 

35 The following non-limitative exampl s will illustrate the 

invention. 
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Exampl 1 

Isolation of acetate non-utilizing mutants of p. chrysogenua 

5 Positive selection for resistance to fluoroacetate has 

loon Tier 1 £oe the <«atH Q i> of mutants of several strains of P.. 
chrvsoaenum , one of them being p. chrysogenum strain P2 (ATCC 
48271 (Lein, in: Overproduction of Microbial Metabolites, Vanek 
and Hostalek (eds) 1986, Butterworth Publishers, 105-139; Bar- 

10 redo et al. , Curr. Genet. 16, 1989, 453-459)). These mutants 
are unable to utilize acetate as a carbon source. Approximately 
10 6 -10 7 spores were plated onto 25 ml of solidified selective 
medium of the following composition (per 1000ml, pH 6.5): 
glucose, 5 g; NaN0 3 , 2 g; KCl, l g; KH 2 P0 4 .3H 2 0, 3 g; 

is MgS0 4 .7H 2 0, 0.5 g; fluoroacetate (Aldrich) 10 g and agar (Oxoid 
No 3), 15 g and 1 ml of a trace-element solution which con- 
tained per 1000 ml: ZnS0 4 .7H 2 0, 22 g; H3BO3, 11 g; MnCl 2 .4H 2 0, 
5 g; FeS0 4 .7H 2 0, 5 g; CoCl 2 .6H 2 0, 1.7 g; CuS0 4 .5H 2 0, 1.6 g; 
Na 2 Mo0 4 .2H 2 0, 1.5 g; EDTA, 5 g. 

20 gluoroacetate resistant (j&c) colonies were purified on 

selection medium and subsequently tested for their inability 
to grow on acetate medium. Acetate medium consisted of the 
minimal medium described above with the modification that po- 
tassium acetate, in a concentration of 100 mM, replaced glucose 

25 and fluoroacetate. All incubations were at 25*C. 

Stable acetate non-utilizing mutants (reversion frequency 
< 10 -7 , tested on acetate medium) were obtained for penjciUjum. 
chrvsoaenum at a frequency of approximately 1.10" 6 . 

30 

Example 2 

Aoetyl-coA synthetase activity in acetate non-utilizing strains 
of P. chrvsoaenum 

35 

Fluoroacetate resistant, acetate non-utilizing strains of 
p. chrvsoaenum P2 were further characterized biochemically by 
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measurement of the acetyl-CoA synthetase activity. The strains 
were grown in shake flasks for 48 hours in a standard produc- 
tion medium, described in EP-A-357119. Then, the mycelium was 
harvested, lyophilized and ground in a mortar. Approximately, 
0.4 g of ground mycelium was extracted fox 45 minutes at 4'C 
"ith in ml nf a Miff fir containing Tris-HCl, 100 mM pH 7.3; 



EDTA, 0.4 mM; DTT, 0.1 mM and PMSF, 0.1 mM. Cell-free extracts 
were' obtained by centrifugation of the extract for 25 minutes 
at 12.000 g. Acetyl -CoA synthetase activity was determined 

io immediately after preparation of the cell-free extracts by 
measurement of acetate dependent depletion of CoA with Ellman 
reagent [5,5' dithio-bis-(2-nitrobenzoic acid)] (DTNB) , basi- 
cally according to procedures described by Takao (Takao et al . , 
Agric. Biol. Chem. 51, 1987, 145-152). To 750 fil of mixture A, 

15 containing Tris-HCl (200 mM, pH 8.0), KC1 (100 mM) and MgCl 2 
(20 mM) 150 Ml of mixture B, containing ATP (40 mM) , LiCoA 
(15 mM) and acetate (20 mM) was added. The assay was started by 
the addition of 600 Ml of cell-free extract to this mixture. 
The assay was performed at 30 °C. At different time-intervals 

zo aliguots (150 Ml) were removed from the reaction mixture. The 
aliguots were added to 100 Ml of TCA (10% w/v) . The solution 
was then neutralized with 100 Ml of 0.6 N NaOH and buffered 
with 1.2 ml phosphate (0.2 M, pH 7.4). Subsequently, 100 Ml of 
a DTNB solution (4 mg/ml in 0.2 M phosphate buffer, pH 7.4) was 

25 added. The extinction of the colour reaction was measured at 
413 nm with a spectrophotometer (LKB) after centrifugation of 
the sample for 5 minutes at 3000 rpm (Heraeus labofuge M) . 
Typical results, presented in Table 1, show that a large pro- 
portion of the acetate non-utilizer mutants are deficient in 

30 acetyl-CoA synthetase activity or have greatly reduced levels 
of this enzymatic activity. 
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Tabl 1: Relative activity of Acetyl-CoA synthetase in 
P. chrvsoaenum P2 and some acetate non-utilizing 
derivatives of P2 expressed in arbitrary units per mg 
of protein per minute. 



Strain 


Acetyl-CoA synthetase activity 






P2 


100 


P2-acetate non-utiliser 1 


nd 


2 


14 


3 


18 


4 


10 


5 


nd 



15 — " 

nd: not detectable. 



Example 3 

20 

isolation and characterization of the P. chrvsoaenum facA gene 

Chemically synthesized facA oligonucleotide probes were 
tested on Southern blots containing restriction enzyme digests 

25 of chromosomal DNA of P. chrvsocrenum P2 (not shown) . Oligo- 
nucleotides were labelled at their 5» end using Jf-[- 32 P]- 
ATP and T4 -polynucleotide kinase following standard procedures 
(Maniatis et al., in: Molecular Cloning, a laboratory manual, 
Cold Spring Harbor Laboratory, 1982 and 1989 (second edition)) . 

30 The sequences of the oligonucleotides were derived from con- 
served regions in the nucleotide sequences of the A. nidulans 
facA gene and the homologous N. crassa acu-5 gene (Connerton et 
al., Molec. Microbiol. 4, 1990, 451-460). 

Hybridization and washing of the blots was performed at 56 *C 
35 using 6xSSC (0.9 M sodium chloride, 0.09 M sodium citrate) in 

the final wash. 

Mixed probe facA7 (5» GATGGCCTC^GGAATCATGGGAAGGTAGAT 3') 
ao generated a unique hybridization signal and was subsequently 

used for the screening of a genomic library of P. chrvsoaenum 

which has been made by methods well known in the art (Maniatis 

et al. , ibid) . 
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The facA gene of p. chrysoaenum was isolated ana charac- 
terized using standard procedures as described by Maniatis et 
al. (ibid). 

DNA of some of the positively hybridizing phages has been 

5 purified. This DNA was further characterized by restriction 
mufm iijjuljLjliu mm p a s *te«ii of thn fiiia qniw on fehs rlorwfl 
p. chrysoaenum DNA in these phages has been determined by Sou- 
thern blot analysis of restriction enzyme digests with facA 
specific oligonucleotide probes. In a control experiment, iden- 

10 tical hybridizing fragments have been detected in chromosomal 
DNA of p. chrvsoaenum . By these means, the 6.5 kb PstI fragment 
present in phage facA7 (Figure 1) has been identified as a 
suitable fragment for subcloning of the facA gene in the vector 
pBluescript® II (Stratagene, La Jolla) . The resulting plasmid 

15 has been named pPC2-3. 

The facA gene was further characterized by nucleotide 
sequence analysis, see Sequence listing 1. Comparison of this 
nucleotide sequence with the nucleotide sequences of the facA 
gene of A, nidulans revealed a 80% homology. The amino acid 

20 sequence of acetyl-CoA synthetase of P. chrvsoaenum deduced 
from the nucleotide sequence (Sequence listing 1 and 2) is 89% 
homologous (including conservative amino acid changes) to the 
sequence of the A. nidulans acetyl-CoA synthetase (Connerton et 
al. , ibid). Homologies have been determined by using 

25 MicroGenie™ version 7.0 sequence analysis software (Beckman) . 

Example 4 

30 Transformation of Penicillium chrysoqenum facA strains 

p. chrvsoaenum facA strains were grown in 500 ml of a 
complete medium (YPD; 1% yeast extract, 2% peptone, 2% glucose) 
in a 2 1 conical flask, by inoculating the medium with 2.10 6 
35 spores per ml and subs quent incubation for 18 hours in a rot- 
ating incubator at 25 °C and 300 rpr. After this incubation 
period, the mycelium was harvested by filtration of the medium 
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through miracloth filtration wrap (Calbiochem) . The mycelium 
was washed with 50 ml of sterile wash buffer containing 0.63 M 
NaCl and 0.27 M CaCl 2 in destilled water and excess buffer was 
removed by blotting the filter containing the mycelium between 

5 towels. The mycelium was weighed in a sterile tube and trans- 
§mmmi \a n Mfl - 1 — <" a1 f1aaV tfi vhich 20 ml Qf a buf£er 
(0.53 MNacl, 0.27 M CaCl 2 ) containing 100 mg Novozym 234 (NOVO 
Nordisk) was added per gram mycelium. Protoplasts were allowed 
to form by incubation at 25*C and gentle shaking (80 rpm) for 

io 30-60 minutes, which process was followed microscopically. Free 
protoplasts were harvested by filtration of the suspension 
through glasswool, washing with an equal volume cold STC/0.63 M 
NaCl buffer (1.2 sorbitol, 10 mM Tris/pH 7.5, 50 mM CaCl 2 ) and 
subsequent centrifuging at 2500 rpm, 4'C in 50 ml conical tubes 

15 using a swing-out rotor. The protoplasts were resuspended twice 
in 50 ml of STC/0.63 M NaCl buffer and centrifuged. Subsequent- 
ly, the protoplasts were resuspended in a small volume of 0.7 M 
KC1 buffer and the concentration of the protoplasts was determ- 
ined using a haemocytometer. Finally, the protoplasts were 

20 diluted at a concentration of 10 8 /ml of STC/0.53 M NaCl and 
maintained on ice. 

Aliquots of 100 fil of protoplasts suspension were added 
to sterile round bottom plastic tubes containing 10 »g linear 
or circular pPC2-3 DNA. After gentle mixing, the suspensions 

25 of protoplasts and DNA were incubated for 25 minutes at room 
temperature after which period a total volume of 1250 fil of a 
solution of polyethylene glycol (PEG) was added (60% PEG 4000 
(BDH), 10 mM Tris/pH 7.5, 50 mM CaCl 2 ) . The PEG solution was 
added as two aliquots of 200 pi, and one aliquot of 850 fil, 

30 with gentle but thorough mixing between each addition. This 
was followed by an incubation period of 20 minutes at room 
temperature. After incubation, the tubes were filled with 0.7 M 
KC1 buffer and the protoplasts were spun down at 2500 rpm, 4*C. 
Subsequently, the protoplasts were plated on agar plates, con- 

35 taining 0.9 M KC1, 50 mM KAc, 0.001% glucose and minimal me- 
dium salts. The results of a typical experiment are given in 



WO 92/07079 PCT/NL91/00203 

- 19 - 

Table 2. The vector pBluescript has been" used as a negative 
control . 



Table 2: Number of FacA + transformants obtained with pPC2-3 



5 



DNA 



pq No. of transformants 



10 



pBluescript 10 J 
PPC2-3 io « 



This result has been obtained by using various high- 
producing strains of p. chrysogenum . among them p. chrysogenum 
strain P2. It will be well known to those skilled in the art 
that the procedures for transformation require minor adjust- 
15 ments depending on the particular P. chrysogenum strain used. 

Transformants usually sporulated within 7 days of incuba- 
tion at 25 *C on the medium described above. 

In pPC2-3 transformed strains acetyl-CoA synthetase activ- 
ity (determined according to Example 2) was restored to or 
z: above wild type levels (Table 3). 

Table 3: Relative activity of Acetyl-CoA synthetase in two 
FacA + transformants and P2 expressed in arbitrary 
units per mg of protein per minute. 

Strain Aeetyl-CoA synthetase activity 

(arbitrary units) 



P2 



100 

30 PacA + transformant 1 200 

2 1000 



35 Example " 

DNA analysis of obtained transformants 

To verify the presence of intact vector sequences in the 
<o chromosomal DNA of the obtained FacA+ colonies and to identify 
transformants having only one copy of the v ctor integrated, 
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DNA of 14 individual colonies was purified and analyzed by 
Southern hybridization. DNA of the colonies was isolated as 
follows. Complete medium as described in Example 4 (50 ml 
thereof in 250 ml conical flasks) was inoculated with 10* spor- 

5 es of each colony, obtained after two cycles of single spore 

innrmwtlrww nn minimi -di™ P lates containing 100 mM KAc as 

sole carbon source. The medium was incubated at 300 rpm on a 
rotary shaker at 25 'C for 48 hours after which the mycelium was 
harvested using miracloth filtration wrap and washed with 25 ml 

10 of a 0.9% NaCl solution. Then the mycelium, was weighed and 
frozen immediately in liguid nitrogen. Subsequently, portions 
of the mycelium were ground using a mortar and a pestle, while 
liquid nitrogen was added repeatedly, until a fine powder was 
obtained. The powder was added to a DNAse-free tube to which 10 

15 ml of the extraction buffer was added per gram mycelium. The 
extraction buffer was prepared as follows: 40 ml of ice-cold 
5XRNB buffer (1.0 M Tris-HCl, pH 8.5, 1.25 M NaCl, 0.25 M EDTA, 
autoclaved) was added to 80 ml of ice-cold p-aminosalicylic 
acid (123 g/l; Sigma) to which 80 ml ice-cold TNS (tri-isoprop- 

20 ylnaphtalenesulfonic acid, sodium salt; 20 g/l; Eastman Kodak) 
was added. After mixing, a precipate was allowed to form on 
ice, from which the upper fluid was used for extraction of the 
mycelium. 

After addition of the frozen mycelium powder to the ex- 
25 traction buffer the mycelium was allowed to thaw by vortexing 
and 0.5 volumes of phenol solution 1 was added immediately. 
Phenol solution 1 was prepared by dilution of phenol crystals 
in demineralized water and subsequent adjustment of the pH to 
8.0 with NaOH solution. After addition of phenol solution 1, 
30 the mycelium suspension was mixed thoroughly and incubated on 
ice until the last mycelium sample was ground. Then, 0.5 vol- 
umes of chloroform was added to each tube and the tubes were 

mixed once again. 

Next, the tubes were centrifuged at 12000 rpm, 4*C for 
35 10 minutes, using a swing-out rotor. The upper phases, contain- 
ing the DNA, were transferred to new tubes to which 10 ml of 
phenol solution 2 was added. Phenol solution 2 was prepared by 
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10 



diluting 100 g phenol in 100 ml 25:1 (v/v) of chloroformisoam- 
ylalcohol. Then 1.6 mg of 8-hydroxyquinoline was added and the 
solution was saturated with STE (0.3 M NaCl, 10 mM Tris/pH 7.5, 
0.1 mM EDTA) . 

After vortexing, the tubes containing the DNA were centri- 
WgiB JiiUL u 9 mkm mA tftp imnrr tfaaa transferred to another 
tube, subsequently 3 volumes of 96% ethanol (stored at -20'Q 
were added and the DNA was allowed to precipitate for 30 min- 
utes at -70-C. The tubes were centrifuged at 20000 rpm for 15 
minutes, 4'C and the DNA pellets were washed with 70% ethanol 
(stored at -20-C) . The pellets were dried in a vacuum exsiccat- 
or for 3 minutes, resuspended in 0.5-1.0 ml of STE, depending 
on the size of the pellet, and transferred to eppendorf tubes. 
To each tube 10 /xl of a 20 mg/ml RNAse A solution was added and 
the tubes were incubated for 15 minutes at 37'C. The DNA sol- 
utions were extracted again with phenol solution 2 for two or 
three times and the DNA was precipitated as described above. 
Finally, the washed pellets were dissolved in TE buffer (10 mM 
Tris/ pH 7.5? 0.1 mM EDTA). 

The procedure followed to analyse the chromosomal DNA by 
southern hybridization was essentially carried out as described 
in Maniatis et al. (1982) . DNA was digested with Pstl, followed 
by separation of fragments on a 0.6% agarose gel and then 
transferred to nitrocellulose sheets. These blots were hybrid- 
ized with either 32p labelled DNA of pPCl-1 or with the 3*P 
labelled Pstl fragment containing the P. chrysoqenum facA gene 
(Figure 2, A). Hybridization and washing of the blots was 
carried out at 65'C using 0.2 x SSC in the final wash. After 
exposure of the blots to X-ray sensitive films the patterns of 

: hybridization obtained were analyzed (Figure 2,B). From this 
analysis it could be concluded that all but 2 transformants 
contain vector fragments. The pattern of these two 
transformants (Nos. 7 and 11) is indistinguishable of the 
wildtype pattern, which probably indicates that they aros 

i after replacement or conversion of the mutant allele. Six 
transformants (Nos. 1, 2, 3, 6, 10 and 12) contain a single 
copy of the vector at the resident fac& locus wher as four 
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(Nos. 4, 8, 13 and 14) contain a single vector copy at an 
unknown genomic site. Two transformants (Nos. 5 and 9) contain 
multiple copies of the vector. This experiment demonstrated 
that the facA transformant selection system is a versatile 
s selection system, suitable for different applications like for 
C y am? u the generation of single-copy transformants, the 
generation of multi-copy transformants, integration at the 
resident facA locus, or integration at unknown genomic sites. 



10 

Example 6 

Penicillin production of facA mutants of P. chrysogenum 

is The effect of the fluoroacetate selection procedure on 

penicillin production has been determined for 3 stable facA. 
mutants, obtained from approximately 3.10 6 spores as has been 
described in Example 1. The production of penicillin was deter- 
mined in shake flask experiments, in two independent experi- 

20 ments, using procedures which have been described before in EP- 
A-357119. The results are summarized in Table 4. 

Table 4: Penicillin production of facA mutants of Penicillium 
chrysoaenum . The amount of penicillin is expressed 
25 in arbitrary units. The number of arbitrary units 

produced by P2 is arbitrarily set at 100. 



Strain 


Penicillin production 




(arbitrary units) 


P2 


100 


P2 facAl 


103 


P2 facA5 


91 


P2 facA7 


109 



35 



This experiment shows that facA mutants with unaltered 
penicillin production characteristics are readily obtained. 
FacA + transformants with unchanged 1 vels of penicillin produc- 
ao tion compared to the parent strain P2 were also readily obt- 
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ained by transformation of the fash mutants with pPC2-3 (not 
shown) . 



Example 7 



10 



Repeated use of the facA transformation system 

A p. nhrvsoaenum fasft strain was transformed with pPC2-3. 
Transformants containing a single copy of the transforming facA 
gene were identified, as has been described in Example 5. Such 
a transformant was subjected to a second round of (1) selection 
for acetate non-utilising facA mutants and (2) a second trans- 
formation with pPC2-3 as has been described in Example 4. Acet- 
, 5 ate non-utilizing mutants were obtained by positive selection 
on minimal medium containing fluoroacetate as has been des- 
cribed in Example 1. The frequency of occurrence of fluoroacet- 
ate resistant, acetate non-utilizing colonies was comparable to 
the frequency observed with the parent strain P2. 

Second generation facA. mutants, identified as has been 
described in Example 2, behaved in a similar way in transform- 
ation experiments, in stability tests and in penicillin produc- 
tion tests as has been described for first generation facA 
mutants (see Examples 4, 5 and 6). The experiments described 
as here demonstrate that efficient repeated application of the 
facA transformation system is possible. 



20 



30 



Example 8 

Homologous transformation 



The feasibility of complete homologous transformation by 
using the 6.5 kb Pst I restriction fragment of pPC2-3 is 

35 demonstrated. 

Plasmid pPC2-3 was propagated by using I A _coli strain 
JM109 (Yanish-Perron et al., Gene 33, 1985, 103-109) and 
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purified according to methods well known in the art (Maniatis 
et al., ibid.). The purified plasmid pPC2-3 was then digested 
with restriction enzyme Pst I (New England Biolabs) to liberate 
the p. chrvsoqenum derived sequences from pBluescript vector 
5 sequences. The fragment containing the P. chrysogenum derived 
„ T1 on TOC| fi.s kb in length, was purified from pBluescript 
vector sequences by agarose gel electrophoresis followed by 
electroelution from the agarose gel (Bio-trap™, Schleicher and 
Schuell) . 

The purified 6.5 kb Pst I restriction fragment was then 
used for transformation of facA strains of P. chrysogenum 
according to procedures described in Example 4. Transformation 
frequencies were similar to those obtained by using the entire 
plasmid pPC2-3 (Table 5) . 



10 



15 



Table 5: Number of FacA + transformants 



DMA 


Mg 


No. of transformants 


pBluescript 

pPC2-3 

6.5 kb Pst I fragment 


10 

10 
10 


40 
50 



20 



The absence of pBluescript vector sequences were 
25 subsequently demonstrated by using a sensitive colony- 
hybridization procedure (Kinsey, Fungal Genetics, Newslett. 
36, 1989, 45-47) and by using randomly labeled pBluescript as 
a probe (Maniatis et al., ibid.). 

30 

Example 9 
FacA mediated co-transformation 

35 The possiblity to introduce non-selectable DNA into 

chrvsoqenum by using the facA selection system is demonstrated 
by the control experiment described in this example. 

A P. chrvsoqenum facA mutant was transformed with the 6.5 
kb Pst I restriction fragment as described in example 8 together 
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10 



15 



with a 3 kb L chEgsogenum derived Sail "restriction fragment 
which contains an oligomycine resistant olic gene. Such an olic 
gene can be obtained from p. rhrvsoaenum by methods described 
in detail (Bull et al. f Curr. Genet. 1988, 13, 377-382). 

Transformants were selected first for growth on acetate 
containing lefllUffl SB JesLiilj e d in fflrafU 1. Tlttm following 
purification of transformants on acetate medium, transformants 
were tested for resistence to oligomycine by growth on solid 
medium containing 3 ng/ml oligomycine (Sigma). Oligomycine 
resistant transformants were readily obtained using a 1:1 molar 
ratio of facA/oliC DNAs. 

From these results it is concluded that co-transformation 
readily occurs by using the facA selection system. Physical 
linkage of the selection marker to the non-selectable DNA is 
not required for co-transformation. 



Example 10 

20 selection on ethanol containing media 

The possibility to select FacA + transformants on medium 
containing ethanol rather than acetate as a carbon source is 
demonstrated. FacA+ transformants were obtained by procedures 
25 described in Example 4. The transformation mixture was plated 
on selection medium containing 0.1%, 0.3% or 1% ethanol instead 
of 50 mM potassium acetate. Otherwise, the selection medium 
used in this example is identical to the medium described in 

Example 4. > 

30 After approximately 2-3 weeks of incubation at 25 *C 

transformants could clearly be identified. By using ethanol 
containing selection medium the frequency of transformation was 
reduced to approximately 0.5-1 transformants//xg of DNA. 

This example demonstrates the feasibility to use other 

35 carbon sources than acetate, which require acetyl-CoA 
synthetase activity for catabolism. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Gist-brocades N.V. 

Wateringseweg 1 

P.O. Box 1 
. 55M . m USlfft 

The Netherlands 

(ii) TITLE OF INVENTION: Transfonuant Selection System 

for 0-Lactam Producing Strains 

(iii) NUMBER OF SESJENCES: 2 
(iv) O0MFOTER READABLE FORM: WordPerfect 5.0 

(v) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: - 

(B) FILING DATE: 15 October 1991 

(vi) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Visser-Iuiririk, Gesina, Dr. 

(C) REFERENCE NUMBER: PCT-2564 

(vii) TEIEOaMJNICATION INFOFMATION: 

(A) TEIEffiONE: 015-793940 

(B) TELEFAX: 015-793957 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: ^ 

(A) IENGIH: 4652 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ENA (genomic) 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Penicillium chrysogenum 

(vii) IMMEDIATE SOURCE: 

(B) ODNE: pPC2-3 

(ix) FEATORE: 

(A) NAME/KEY: exon 

(B) IDCATION: 1781.. 1819 
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(ix) FEAIURE: 

(A) NAME/KEY: intron 

(B) IOCBTION: 1820.. 1304 

(ix) FEAIURE: 

(A) NAME/KEY: exon 

(B) IOCMION: 1905. .3149 

(ix) 

(A) NAME/KEY: intron 

(B) IOCAITON: 3150.. 3207 

(ix) FEATURE: 

(A) NAME/KEY: exon 

(B) IOCAITCN: 3208.. 3468 

(ix) FEATURE: 

(A) NAME/KEY: intron 

(B) IDCailON: 3469.. 3519 

(ix) FEAIURE: 

(A) NAME/KEY: exon 

(B) LDCBIION: 3520.. 3648 

(ix) FEAIURE: 

(A) NAME/KEY: intron 

(B) IDCAmON: 3649.. 3709 

(ix) FEAIURE: 

(A) NAME/KEY: exon 

(B) LDCftllON: 3710.. 3981 

(ix) FEAIURE: 

(A) NAME/KEY: intron 

(B) IOCAIICN: 3982.. 4057 

(ix) FEAIURE: 

(A) NAME/KEY: exon 

(B) LXAITON: 4058.. 4117 

(ix) FEAIURE: 

(A) NAMEJ/KEY: CDS 

(B) IOCAITCN: join (1781.. 1819, 1905.. 3149, 3208.. 3468, 
3520.. 3648, 3710.. 3981, 4058.. 4117) 

(D) OTHER INFORMATION: /cxxion_start== 1781 
/gene= "fecA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

TCEAGACAAA AGGAAOGAGA ACIAAAGGAT GCATCXX30CT GTEATCAAAC A1AIGAICTG 60 

GICATGAOGG CCmCTTCC TAAACTKCT CCIGCAAGAT TACHGAITOC GACCXHTTIT 120 

CGACTdTOC ACTACICTCA CACAACITCG AGAGATTOGG CTGTO3CTCT OOGCCAAGAG 180 



360 
420 
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TEAATIGAGC TITCAGCTCG CIGGGCGGAA CIGGGGCEAG AGGGCTCATC TCCATATTCT 240 
COCACAGAAG OSGAATTGAA ACAGCACGCE OGAGACEA3G AAGKEmGA GGCTGTTCAA 300 
GCACrcaftCT CS3GGCTAAG GGACAAOCTT GATACAAATT CTGACGGGEG GAICTQGAGT 
GA1GCGIGGG AOGGEGOaG GGTAGCTCAT OGOGCAGOCT ATCATCAA1G GAIACAGACE 
GCCAAAGAAG OCSAGIO00G TCGCGAAGAC A^MJ UMJil^L U^UUll^ «T" 

ocftarrcaiG ceagaiagga aciagggaga gstaatcaaa atagocagct azicrcrcrc 540 

TCEAGGCSTCT AGTCIAAACC CAGGCCCIGC OCTEACGrEA GCTTTICGAC AGGATATCAC 600 

GGCCIGATCE TTGITICIGC CIGGCEAGGC AATITITAAG TAGATCIOSG CTTIGGGTCC 660 

GIAGCnCTC GGAACITGGT TCGCTOCTCT AGGTCTGAAC AGCTCCITCG OXMGEAGA 720 

TCIOGIAGCA GTATATTCAA O0C5IAGAAIA TTEACAATAG TAGTCCAAAG GGTCTOGAGC 780 

TCMTCAIAC TCCG3XCCG TCIAAAAGTC ATCTGGTOCA CGOGTEAGCG OGOOGTEAGT 840 

CTftAGIAIAC GACAIATCIA 03ACAGACAA GGOCACATCG TGAATTEAGC GGAGGIGTGA 900 

crmAGIGG ACCGGCACIG GAOGGGTTIG GCGCGAAATA CAGTGCTITr CTCAACATCT 960 

TAACTCTCEA CKICKXGGC CCTBXCCOG TCGAATCGGA ATnTCTICT ACAATAIATC 1020 

TTTIGITCGG ACATEGAGCA AAGAAIGGAG TAAAOGOGGT CTITTCTOGG GCCTCTTKJC 1080 

TCTCOGrTAA AAATIGGOGG GGCTOGAAGA TAOGCITGEA TTGAAACIGG CITCTOCOCE 1140 

GATOOGOGAC OOOGGACCTT GGCIGAAGIA CCTAGGTTGT GTTGGACTC3G GACAAAGGGT 1200 

TCAAOGAGAA CAACTGGGCT CTQGTOGGTT AAACTIGGOG TITCITOOOG ACEAIAAAOG 1260 

03CCAA1GAG GGGAOCDGAT CTGAGTOGAA AKTTK3GAG GGGEAAGCIT AQCOCGGAGC 1320 

AAOQGAAAGA ACOCOOGCAT GGCOGAAQCC AAACTCGTAT GGGACAAGGC AATTEACIGA 1380 

AAITEACTGA AATTEACIGA ATIGGACOGT ATTCGGAATG TATCTIATPC CTGATTOGGA 1440 

GATCAGAGTC GATCGTOOGA A1GTCCAATG CACAATCEAC TTKTCEAGG C03TCK3CEG 1500 

CTAGOGAGAC AGO0GGAGTT GGGTAGTITG AAGIGGTATT GTAACEEAIT GTAAITEATE 1560 

GTAAGGGGCA CGGACCACIG ATCAAAAGGG AAGT3GCACA TCCTOCOGGG ACAGCIGGAC 1620 

TACEAATATT GTOGOGAGTC OXCCTOCTT GAGTrrCTIT TTCTCITPCr CTECICEAAT 1680 

ATCTICIC1A ATIGCEAIAC ATACXXTCTT TSflCATIAC TCTEAGTATA TIATAIAGTr 1740 

CAT00CX3CAC ATTEATIATr OOCATIGGAC TACOGCAATC AUG TOG GAC GGC OCA 1795 

Met Ser Asp Gly Pro 
l 5 
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ATT CAG OCT CCC AAG CCC GCA GTG GTAAGAATCA OCGACCTCCA GACCGAGATG 1849 
lie Gin Pro Pro Lys Pro Ala Val 
10 

ACCAGACCCG TGTCGCA.CTG GTGACCGAAG TATCATGGGC TAACIGGIGA TATAG GTC 1907 



CAT GAG GCA CAC GAG GTC GAC ACT TIC CAC GTC CCC AAG GOG TIC CAC 1955 
His Glu Ala His Glu Val Asp Thr Hie His Val Pro lys. Ala Hie His 
!5 20 25 30 

GAT AAG CAC CCC TCC GGC ACT CAC ATC AAG GAC ATT GAG GAG TAC AAG 2003 
Asp lys His Pro ser Gly Tnr His lie lys Asp lie Glu Glu Tyr Lys 
35 40 45 

AAG CIT TAC GAA GAA TCA ATC AAG AGC CCC GAC ACC TIC TOG GCA OGC 2051 
Lvs Leu Tyr Glu Glu Ser lie Lys Ser Pro Asp Thr Hie Trp Ala Arg 
50 55 60 

ATG GCC OGC GAG CTC CTC ACA TIT GAC AAG GAC TIT GAA ACC ACA CAT 2099 
Met Ala Arg Glu leu Leu Thr Hie Asp Lys Asp Hie Glu Thr Thr His 
65 70 75 

CAC GGC TOG TIT GAG AAC GGC GAC AAT GCC TGG TTC GTC GAG GGT CGG 2147 
His Gly Ser Hie Glu Asn Gly Asp Asn Ala Trp Hie Val Glu Gly Arg 
80 85 90 

TIG AAC GCA TOG TTC AAC TGT GTC GAT OGC CAT GCC CTC AAG AAC CCA 2195 
Leu Asn Ala Ser Hie Asn Cys Val Asp Arg His Ala Leu Lys Asn Pro 
95 100 105 HO 

GAT AAG GTC GCC ATT ATT TAT GAG GCC GAC GAG CCC AAC GAG GGC CGT 2243 
Asp Lys Val Ala lie He Tyr Glu Ala Asp Glu Pro Asn Glu Gly Arg 
115 120 125 

AAG ATC ACC TAC GGA GAG CTG ATT GO GAG GTG TCC CGG GTT GCC TGG 2291 
Lys lie Thr Tyr Gly Glu Leu Met *rg Glu Val Ser Arg Val Ala Trp 
130 135 140 

ACT CTG AAG GAG CGT GGC GTC AAG AAG GGC GAC ACG GTC GGT ATC TAC 2339 

Tnr Leu Lys Glu Arg Gly Val Lys Lys Gly Asp Thr Val Gly lie Tyr 
145 150 155 

CTG CCC ATG ATT CCC GAG GCC GTA ATC GCT TTC CTG GOT TGC TCG CGT 2387 
Leu Pro Met He Pro Glu Ala Val lie Ala Hie Leu Ala Cys Ser Arg 
160 165 170 

ATT GGT GCC GTG CAC TCC GTT GTC TTC GOT GGT TTC TCT TCC GAC TCC 2435 
lie Gly Ala Val His Ser Val Val Hie Ala Gly Hie Ser Ser Asp Ser 

175 180 185 190 

CTC CGG GAC CGT GTC CTG GAC GCC TCC TCC AAG GTC ATC ATT ACC TCC 2483 
Leu Arg Asp Arg Val Leu Asp Ala Ser Ser Lys Val lie lie Thr Ser 
195 200 205 



WO 92/07079 



PCT/N191/O0203 



- 30 - 

GAC GAG GGC AAG OGC GGT GGC AAG ATC ATT GGC ACT AAG AAG A3T GTG 2531 
Asp Glu Gly lys Arg Gly Gly Lys lie lie Gly Thr Lys Lys lie Val 
210 215 220 

GAC GAG GOC ATG AAG CAG TGC COC GAT GTC GAC AOC GIG CEG GTG TAG 2579 
Asp Glu Ala Met Lys Gin cys Pro Asp Val Asp Hir Val leu Val Tyr 
225 230 235 

AAG CGC ACC <5BT 5 C S (aflU (JKa PCC 1U» JBC A GZ 1 6 8 C O B I Bfl JUS! MS M»- 

Lvs Am Thr Gly Ala Glu Val Pro Trp Thr Ala Gly Arg Asp He Trp 
^ 240 245 2 50 

TGG CAC GAG GAG GTC GAG AAG TAG OOC AAC TAC CTC GOC GCT GAG TOG 2675 
Trp His Glu Glu Val Glu Iys Tyr Pro Asn Tyr Leu Ala Pro Glu Ser 
255 260 265 270 

GTC AGC TCC GAG GAT OCT CTC TIC CIG TK3 TAC AOC TCC GGT TOC AOC 2723 
Val Ser Ser Glu Asp Pro leu Rhe leu Leu Tyr Thr Ser Gly Ser Thr 
275 280 285 

GGT AAG COC AAG GGT GTT ATG CAC AOC ACT GOC GGT TAC CTG CTC GGT 2771 
Glv Lys Pro iys Gly Val Met His Thr Thr Ala Gly Tyr Leu Lsu Gly 
1 290 295 300 

GOG GOC ATG ACT GGA AAG TAC GTG TIT GAT ATC CAC GAC GAT GAT OGC 2819 
Ala Ala Met Ihr Gly Lys lyr Val Etoe Asp He His Asp Asp Asp Arg 
305 310 315 



TAC TTC TGC GGT GGT GAT GTC GGT TOG ATT ACA GGT CAC AOC TAT GTC 2867 
Tyr Rhe Cys Gly Gly Asp Val Gly Trp lie Thr Gly His Thr Tyr Val 
320 ~ 325 330 

GTG TAC GOC OCT CTA TTG CTT GGC TGC GCC ACC GTC GTG TTC GAG AGT 2915 
Val Tyr Ala Pro Leu Leu Leu Gly Cys Ala Thr Val Val Phe Glu Ser 
335 340 345 350 

AOC COC GOC TAC OCT AAC TTC TOG CGC TAC TGG GAT GTC ATT GAC AAG 2963 
ThrProAlaTyrProAsnRheSerArgTyrTrpAspVallleAspLys 
355 360 365 

CAC GAC GTC ACA CAA TTC TAC GTT GCA COC AOC GCT CTG OGT CTG CTG 3011 
His Asp Val Thr Glii ae Tyr Val Ala Pro Thr Ma leu Arg 1^ Leu 

370 375 380 

AAG OGC GCT GGA GAT GAG CAC ATT CAC CAC AAG ATG CAC AGT CTG OGT 3059 
Lys Arg Ma Gly Asp Glu His lie His His Lys Met His Ser Leu Arg 

385 390 395 

ATT CTT GGC TOC GTC GGA GAG OOC ATT GCC GOG GAA GTC TGG AAG TGG 3107 
lie Leu Gly Ser Val Gly Glu Pro lie Ala Ala Glu Val Trp Lys Trp 
400 405 410 

TAC TTC GAG TGT GTT GGC AAG GAG GAA GCT CAC ATC TGC GAC 3149 
Tyr Hie Glu Cys Val Gly lys Glu Glu Ala His lie Cys Asp 

415 420 425 
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GTTCglTCC C CCTI!AOCCIT GGACCITTIG GAATAACrTC TAATTnTGG ATCIGTAG 3207 

ACA TAC TGG CAA AOC GAG AOC GGC TCA CAT GTC ATC AOC OCT CDC GGC 3255 
Ihr Tyr Trp Gin Thr Glu Thr Gly Ser His Val He Thr Pro Leu Gly 
430 435 440 

GGT ATC AOC COC ACC AAG OOC GGC AGT GGC TOC OA OOC TTC TTC GGT 3303 
fi\ y tip Pro Thr Lys Pro Gly Ser Ala Ser Leu Pro Hie Hie Gly 
445 " 450 " *33 * ou 

ATC GAG CCT GOC ATT ATC GAC OOC GTC TOC GGA GAG GAG ATT GTC GGC 3351 
lie Glu Pro Ala lie He Asp Pro Val Ser Gly Glu Glu lie Val Gly 
"""" ~ 465 470 475 

AAT GAT GTC GAG GGT GTT TIG GOC TEC AAG CAG COG TGG OOC AGC ATG 3399 
Asn Asp Val Glu Gly Val Leu Ala Hie Lys Gin Pro Trp Pro Ser Mat 
480 485 490 

GCC OGC AOC GIG TGG GGT GCC CAC AAG OGT TAC ATG GAC ACT TAC TIG 3447 
Ala Arg Thr Val Trp Gly Ala His Lys Arg Tyr Met Asp Thr Tyr leu 
495 500 505 

AAC GIG TAC AAG GGT TAC TAC GTAAGAOSCT T0GCAGOCIG OCTTGCAGGG 3498 
Asn Val Tyr Lys Gly Tyr Tyr 
510 515 

TTGATACTAA CTCATATATA G TTC AOC GGA GAT GGT GCT GGC 031' GAC CAC 3549 

Phe Thr Gly Asp Gly Ala Gly Arg Asp His 
520 525 

GAC GGC TAT TAC TGG ATC OGC GGT OGT GTT GAC GAT GTC GTC AAC GTT 3597 
Asp Gly Tyr Tyr Trp lie Arg Gly Arg Val Asp Asp Val Val Asn Val 
530 535 540 

TOT GGA CAC OGT CPG TOC AOC GCT GAG ATC GAG GOC GOT CIT CTC GAG 3645 
Ser Gly His Arg Leu Ser Thr Ala Glu lie Glu Ala Ala leu Leu Glu 
545 550 555 

CAC C GTAAGTCCAA OCACAGTATC TGOCAAAAAT TGCAACTGAG COCAAACTAA 3699 
His 



CTATGAACAG CT TOC GTT GOC GAG GCT GCT GTC GTT GGT ATT GCC GAC 3747 
Pro Ser Val Ala Glu Ala Ala Val Val Gly lie Ala Asp 
560 565 570 

GAG CTG AOC GGT CAG GOT GTC AAT GOC TIT GTC TCT CTC AAG GAG GGC 3795 
Glu leu Thr Gly Gin Ala Val Asn Ala Phe Val Ser Leu Lys Glu Gly 
575 580 585 

AAG OOC ACA GAA CAG ATC AGC AAG GAC CUT GCA ATG CAA GTT 03C AAG 3843 

Lys Pro Thr Glu Gin lie Ser Lys Asp Leu Ala Met Gin Val Arg Lys 
590 595 600 
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TCC ATI GCT COC TTC GOC GOC OOC AAG GCT GTC TIC GTC CTG GAT GAC 3891 
Ser lie Gly pro Ehe Ala Ala Pro Lys Ala Val Phe Val Val Asp Asp 
605 610 615 

CIC CCC AAG ACC OSC ACT GGC AAG ATC ATG OGC OGA ATC CIC OGG AAG 3939 

1^ Pro lys Ihr Arg Ser Gly lys lie Ifet Arg Arg lie Ifiu Arg lys 

620 " 625 630 635 , 

ait cfc V S 5§g 585 585 HP Mi im: m eg aa wt als aooo. 

lie leu Ser Gly Glu Glu Asp Ser leu Gly Asp Thr Ser Thr 
640 645 

GTAAGCATCA TCICTCAGCA AGATAGTACC CGCAATCCTA TOCTCCGAAC AAIAGCIAAC 4041 

GAAATATTCT TCACAG CIC TCC GAC COC ACT GTC GIG GAC AAG ATC ATA 4090 
leu Ser Asp Pro Ser Val Val Asp Lys lie He 
650 655 660 



GAA ACC GTC CAC ACT GCT OGC CAG AAG TAAAGTGAAA GTCTATGAftT 4137 
Glu Thr Val His Ser Ala Arg Gin Lys 

665 670 



AIGATCATAA 


TCAOCTOGGA 


GAGCAAAATT 


TCIGGIGAAT TTIGGAAGIA GTAIGA3GGI 


4197 


CCTCTGOGGA 


TCAIACGCOC 


TOSAOCTCGG 


TCCACTIGGT TCA3GCDGGA. MOGGACTIG 


4257 


ACCATGOGGG 


TGGrnTcrr 


TrcnTicrr 


Tl'lTlGGOOG GTTPIX2AGAA TCACTGCTTC 


4317 


TACITGAGAT 


T00CTTGGCT 


OGCTCAGAAG 


OGATTIGAAT ACTAITA3TT TTTCCCTICr 


4377 


ICTA1ACITC 


GGcrcrcrcc 


TTTGACTCAT 


CAATAIGAAT OGTACCTAGG TATAAGAGCA 


4437 


TCITTAOGGG 


TGGAGCCA1T 


GAOGGAACTC 


CAIGAOGCOG TTCAATCOGC CTIGAGCIAC 


4497 


1TAIAGGGGG 


COGGGGGMG 


TCGEAGAAGG 


03AIGGATCA TGAdTGAAA QCATACAGAT 


4557 


GCIGGIGCAG 


GACTGCACIG 


GGTKXX3GOG 


OGTATGCITC TAATAHAAAC GHTCK2DGAC 


4617 


GCfircrnrc 


AAITCIGCGG 


AAGGGTCAAG 


AATTC 


4652 



(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IENGIH: 669 amino acids 

(B) T¥PE: amino acid 
(D) TOPOIiDGY: linear 

(ii) MDIECCJIE TYPE: protein 

(xi) SEQUENCE DESCRIPIICN: SEQ ID NO: 2: 

Met Ser Asp Gly Pro lie Gin Pro Pro lys "Pro Ala Val Val His Glu 
1 5 10 15 
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Ala His Glu Val Asp Thr Phe His Val Pro Lys Ala Etie His Asp Lys 

20 25 
His Pro Ser Gly Or His lie Lys Asp He Glu Glu Tyr lys Lys Leu 

35 40 
Tyr Glu Glu Ser lie Lys Ser Pro Asp Thr Ihe ftp Ala Arg Met Ala 

55 

Arg Glu Leu Leu Thr Phe Asp Lys Asp Ihe Glu Thr Thr His His Gly 

Ser Phe Glu Asn Gly Asp Asn Ala Trp Phe Val Glu Gly Arg Leu Asn 
85 90 

Ala Ser Phe Asn cys Val Asp Arg His Ala Leu Lys Asn Pro Asp lys 

100 105 



Val 



Ala lie lie Tyr Glu Ala Asp Glu Pro Asn Glu Gly Arg Lys lie 
115 I 20 125 

Ofar Tyr Gly Glu Leu Met Arg Glu Val Ser Arg Val Ala Trp Thr Leu 
130 135 1 

Lys Glu Arg Gly Val Lys Lys Gly Asp Tnr Val Gly lie lyr Leu Pro 
145 150 155 

Met lie Pro Glu Ala Val lie Ala Phe Leu Ala Cys Ser Arg lie Gly 
165 170 

Ala Val His ser Val Val Phe Ala Gly Phe Ser Ser Asp Ser Leu Arg 

180 185 
Asp Arg Val Leu Asp Ala Ser Ser Lys Val He He Thr Ser Asp Glu 

Gly Lys Arg Gly Gly Lys He He Gly Thr Lys Lys He Val Asp Glu 
210 215 220 

Ala Met Lys Gin Cys Pro Asp Val Asp Tnr Val Lea Val Tyr Lys Arg 
225 230 235 

Tnr Gly Ala Glu Val Pro Trp Tnr Ala Gly Arg Asp He Trp Tg His 
245 

Glu Glu Val Glu Lys Tyr Pro Asn Tyr Leu Ala Pro Glu Ser Val Ser 
260 265 

Ser Glu Asp Pro Leu Phe Leu Leu Tyr Thr Ser Gly Ser Thr Gly Lys 
275 280 2" 

Pro Lys Gly Val Met His Thr Thr Ala Gly Tyr Leu Leu Gly Ala Ala 
290 295 300 

Met Thr Gly Lys Tyr Val Phe Asp He His Asp Asp Asp Arg Tyr Phe 

JX3 *** 



305 310 
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Cys Gly Gly Asp Val Gly Trp lie Thr Gly His Thr Tyr Val Val Tyr 
325 330 335 

Ala Pro Leu Leu Leu Gly Cys Ala Thr Val Val Hie Glu Ser Thr Pro 
340 345 350 

Ala Tyr Pro Asn Hie Ser Arg Tyr Trp Asp Val lie Asp Lys His Asp 

ass m — ■ ■ att 

Val Thr Gin Phe Tyr Val Ala Pro Thr Ala Leu Arg Leu Leu lys Arg 
370 375 380 

Ala Gly Asp Glu His lie His His Lys Mat His Ser Leu Arg lie Leu 
385 390 395 400 

Gly Ser Val Gly Glu Pro lie Ala Ala Glu Val Trp lys Trp Tyr Kie 
405 410 415 

Glu Cys Val Gly Lys Glu Glu Ala His lie Cys Asp Thr Tyr Trp Gin 
420 425 430 

Thr Glu Thr Gly Ser His Val lie Thr Pro leu Gly Gly lie Thr Pro 
435 440 445 

Thr lys Pro Gly Ser Ala Ser Leu Pro Hie Hie Gly lie Glu Pro Ala 
450 455 460 

lie lie Asp Pro Val Ser Gly Glu Glu lie Val Gly Asn Asp Val Glu 
465 470 475 480 

Gly Val leu Ala Phe Lys Gin Pro Trp Pro Ser Met Ala Arg Thr Val 
485 490 495 

Trp Gly Ala His Lys Arg Tyr Met Asp Thr Tyr Leu Asn Val Tyr lys 
500 505 510 

Gly Tyr Tyr Phe Thr Gly Asp Gly Ala Gly Arg Asp His Asp Gly Tyr 
515 520 525 

Tyr Trp lie Arg Gly Arg Val Asp Asp Val Val Asn Val Ser Gly His 
530 535 540 

Arg Lsu Ser Thr Ala Glu lie Glu Ala Ala Leu Lai Glu His Pro Ser 
545 550 555 560 

Val Ala Glu Ala Ala Val Val Gly lie Ala Asp Glu Leu Hir Gly Gin 
565 570 575 

Ala Val Asn Ala Phe Val Ser Leu- Lys Glu Gly Lys Pro Thr Glu Gin 
580 585 590 

lie Ser Lys Asp Leu Ala Met Gin Val Arg lys Ser lie Gly Pro Phe 
595 600 605 
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Ala Ala Pro Lys Ma Val Hie Val Val Asp Asp Leu Pro Lys 3hr Arg 
610 615 620 

Ser Gly Lys lie Met Arg Arg lie Leu Arg Lys lie Leu Ser Gly Glu 
625 630 635 640 

Glu Asp Ser Leu Gly Asp Thr Ser Bir Leu Arg Pro Gin Cys Arg Gly 
650 655 



Gin Asp His Arg Asn Arg Pro Gin Cys Ser Pro Glu Val 

660 665 
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claims 



5 



1. A method to select transfonaants of a microorganism 
which has been transformed with DNA which method comprises: 
isolating a mutant of the microorganism in which acetyl- 



f j TTCSW utmm m ■■■■^i — — ■ — — ■ — — ' ! " ! — - — — ~ — ' — 

cotransforming said mutant with said DNA and an expression 
system effective in producing acetyl-CoA synthetase of Penicil- 

lium chrvsoaenum ; and 
, selecting transformants of said microorganism for ability 

to grow on a medium which contains a carbon source which 
requires acetyl-CoA synthetase activity for catabolism. 

2. A method for obtaining or enhancing the production of 
5 a /3-lactam compound by using transformants of a microorganism 

obtainable by the method of claim 1, which method comprises 
cotransforming said mutant with DNA encoding genetic informat- 
ion necessary for obtaining or enhancing the production of a fi- 
lactam compound. 

3. The method of claim 1 or 2 wherein said microorganism 
is PepjcjUiuj r.hrv SO genum which has been transformed with 
homologous DNA. 

25 4. The method of any one of the preceding claims wherein 

said carbon source is acetate. 

5. The method of any one of the preceding claims wherein 
said ^transformation is conducted by supplying said DNA and 

so said expression system on the same DNA molecule. 

6. The method of any one of the preceding claims wherein 
said microorganism is a strain of fungus, preferably a /J-lactam 
producing strain, more preferably PenicUUum cftrysogenum , 

35 As pergillus nidulans or ftoremonium chrvsoqenum. 
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7. The method of claim 6, wherein said ^-lactam producing 
strain is a penicillin producing strain. 

8. The method of any one of the preceding claims wherein 
5 said mutant is a spontaneous mutant identified by f luoroacetate 

9. The method of any one of the preceding claims which 
further includes isolation of mutants lacking acetyl-CoA synt- 

io hetase activity from said transformed mutant. 

10. A facA gene which can be isolated from Penicillium 
r-hrysooenum . 

15 11. A facA gene according to claim 10 having the nucle- 

otide seguence depicted in Sequence listing 1. 

12. The expression signals of the facA gene as defined in 
claim 10 or 11. 

20 

13. a gene according to claim 10 or 11 wherein one or more 
of said expression signals have been replaced by other expres- 
sion signals, obtained from the same or another organism. 

25 14. A vector comprising the Z&k gene as defined in claim 

10, 11 or 13. 

15. A transformed host comprising a facA gene as defined 
in claim 10, 11 or 13. 

30 

16. Use of a transformed host according to claim 15 to 
produce a /3-lactam compound. 
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